Electronic cell counters have become an essential tool for routine diagnostic haematology. To cope with a heavy work load, these instruments have been integrated into units which provide some degree of automation and which are capable of measuring several parameters simultaneously or consecutively and printing the results directly on to a report.
Perhaps the best known instrument of this genre is the Coulter Model 'S'. But, in recent years, several other instruments have been developed. They are all relatively expensive; to use them effectively, there may be need to make radical changes in the working pattern of the laboratory. With increasing numbers of specimens there is a greater tendency to undetected error and thus the need for an assured level of instrument reliability and accuracy. Moreover, as the laboratory becomes increasingly dependent on the instrument-generated tests, the instrument must be dependable. Thus a choice of equipment from among this group is not to be made lightly. There is a need for independent evaluation of instrument performance in terms of both complying with the manufacturer's claims and fulfilling the needs of the laboratory.
The purpose of this paper is to report on an and MCHC are derived by computation.
Haemoglobin is determined as cyanmet haemoglobin by photoelectric colorimetry, a gallium arsenide phosphide light-emitting diode providing a 539 nm monochromatic light source.
The system's flow process is illustrated (Fig. 1) . A 90 ,ul sample of a blood specimen is aspirated into the instrument, where appropriate volumes are diluted, respectively, 1:120 in a cyanide ferricyanide solution for measurement of haemoglobin, 1:3600 in an isotonic saline solution for RBC, and 1:19 in a lytic reagent for WBC (see below for further information on reagents). The RBC suspension passes to the laser optics system. It is injected into a chamber in the centre of a streaming sheath of fluid (the same solution as for the RBC dilution). The diameter of the stream is progressively reduced by narrowing of the chamber interior and this in turn constricts the central core of the specimen which, at maximum constriction, is 18 ,um. The passage of cells is maintained at a steady rate by the steady force of the surrounding laminar flow, and they pass at a rate of 2500 cells per second in single file through a laser beam which is focussed to intercept the central cell stream to a depth of 25 add _add Salac* add Cyana ,um. As each cell passes through the beam, the diffracted light is measured by the sensor which generates pulses which are accumulated and processed electronically for counting and for determination of PCV, as described above. The pulses are also displayed on an oscilloscope. After the RBCs have been counted, the second aliquot, diluted in the lysing agent, enters the flow chamber for the WBC count.
Specimens are fed into the instrument individually by hand. Thereafter, all parts of the process are carried out automatically within the instrument and the results are presented as a digital printout of the seven parameters within 60 seconds of the specimen being presented to the instrument. The printout is in a format similar to that used in the Coulter 'S' system.
DIMENSIONS
The outside dimensions of the instrument are as follows: width 99 cm; height 54-6 cm; depth 54 6 cm; bench space 0-55 M2. 
Staff and training
The machine requires the skill of a senior technician for standardization and maintenance after a training programme of a few hours. Weekly maintenance and cleaning, which can be carried out simply, was at first a 21-hour procedure, but with experience it could be completed within an hour. A difficult manoeuvre was adjustment of the poppet valve which is located in the rear of the machine with difficult access. In routine use little expertise is necessary.
Costs
The basic cost of the instrument is in the order of $49000. Running costs of electricity, etc, are minimal. The cost of reagents is estimated as £1 per 100 tests. The report forms cost £2 per 100, but this could be reduced by printing one's own cards.
Maintenance
The machine was installed within an hour and could be used almost immediately. At first, however, it gave discrepant results which were clearly incorrect. This fault was traced to the calibrator reference preparation which has since been discarded. After the cause of poor performance was identified and the instrument recalibrated, it functioned satisfactorily. During a trial period of three months the performance was maintained with one incident, during the first week, when erratic results occurred with the reference preparations. This was caused by a defect in the laser; replacement of the laser was a simple procedure and the 'down time' was only 24 hours. Another problem was caused by the fact that the well of the sample turntable could not accept tubes sized 17 x 50 mm; sampling from these tubes required hand manipulation and this resulted in inadequate pickup of blood by the probe with resultant error.
In their preliminary briefing, the manufacturer stated that fixed-cell preparations are not acceptable to the instrument. This limits the use of certain reference material and materials used in some interlaboratory trials (Lewis, 1972a; Helleman, 1972) . In the event, the instrument handled, with no apparent difficulty, glutaraldehyde-fixed leucocytes, although, after introducing material provided by Dr A. F. Goguel from the survey organized in France (Goguel, 1975) Table 3 ) reveal significant differences in the PCV/MCV measurements and calculated MCHC. All other measurements correlated well, and their accuracy was confirmed (a) by carrying out cell counts on a small proportion of the specimens by means of a Coulter Fn counter which was calibrated by blood cell reference preparation (Lewis, 1972b) and by an electronic pulse simulator; and (b) by measuring their haemoglobin on a spectrophotometer calibrated by means of the international haemoglobin reference preparation in accordance with the recommendations of the International Committee for Standardization in Haematology (1967).
The status of MCHC was studied by plotting MCHC as reported in each system (Hemac and Coulter) against data derived from MCH/MCV (Fig.  5 ). Hemac showed a slightly closer correlation. To investigate the PCV/MCV discrepancies, PCV was measured by a routine microhaematocrit method (Dacie and and the percentage of trapped plasma was determined by an isotope (1251) method (England et al., 1972 Comparison between Hemac and microhaematocrit is shown in Fig. 6 and Table 4 .
Comparative tests were also carried out by participating in one of the DHSS/BCSH National Interlaboratory Proficiency Trials in which the test material was donkey blood (X) and human blood (Y) in ACD. Results were assessed in relation to those of participants using fully automated, semiautomated, and manual procedures (Table 5) .
A limited test was also performed with the material used in the French National Survey (Etalonorme), which was provided by courtesy of Dr A. F. Goguel. These results are shown in Table 6 .
Interpretation of data
The claimed limits of precision, according to the manufacturer, are of the order of 2% for Hb and RBC, 2 8 % for PCV, and 3 % for WBC. The series of precision tests which were carried out upheld this claim. When precision was again looked at in terms of drift by repeating the replicate samples between batches during the course of a day, the CV was within the same limits for Hb (1-81 %) and RBC (1-57%) but slightly increased for PCV (3.15%) and for WBC (4 30%). However, this represented a fluctuation around the mean and was not a consistent trend. The extent to which carry-over contamination between samples might be expected to affect results was estimated; it was less than the limits of precision, and thus of no intrinsic significance.
The instrument is claimed to measure with a linearity of response within the following ranges: Hb 3-23 g/dl, RBC 0 5-8 0 x 1012/1, WBC 0-75 x 109/1, PCV 0 09-0 66. When tested the instrument showed good linearity of response within these limits (WBC was tested only up to 40 x 109/1).
There was a significant difference between Hemac and other methods in the measurement ofPCV/MCV and the alternatively derived MCV/PCV, as well as the related MCHC. This discrepancy was found in a comparison study against a Coulter S in routine use, as well as in interlaboratory trials. The former was carried out on a large number of specimens of EDTA blood from a hospital population while the latterwas performed on two samplesofblood in ACD, Table 4 As different principles are involved in the measurement or calculation of PCV and MCV by each method, discrepancies are not unexpected (Chanarin, 1975; Crosland Taylor, 1975) . National interlaboratory trials provide a means to judge precision within a method, but good precision does not necessarily indicate accuracy; to determine whether any one method provides 'accuracy' or 'truth' as The magnitude of the pulse is directly related to cell volume and this gives a measurement of PCV. By Coulter S, PCV is computed from MCV, which is derived from the amplitude of the pulses which are generated by the electronic response in an electrolytic solution as red cells pass the cell-sensing aperture. By instrument calibration, the PCV obtained by the Coulter can be made to correspond to centrifuged haematocrit; and a correction factor can be applied to take account of trapped plasma. However, while this is an acceptable manipulation for normal blood in which there is 2-30% trapped plasma, it fails to compensate for the greater and variable degree of plasma trapping which occurs in certain disorders (Chanarin, 1975 Dacie and Lewis (1963) gave the normal mean value (± 2 SD) for MCV as 86 ± 10 fl, MCH 29-5 ± 2-5 pg, and MCHC 34 ± 2 g/dl. With the advent of electronic counters, improved precision resulted in these values being altered (Dacie and Lewis, 1975 ) to 85 ± 8 fl, 29 5 + 2 5 pg, and 33 + 2 g/dl, respectively. But England and Down (1974) (Fig. 5) . However, whether this 'accuracy' is necessarily a major advantage is a matter for debate. The essential attributes for an instrument designed for routine blood counts are its reliability and clinical usefulness. As the Coulter S is the most commonly used automated system in Western Europe, the data generated by it have had a significant influence on clinical interpretation. The advent of a different system necessitates reconsideration of the interpretation of the blood count. Thus, macrocytosis will be signified A score of 1-0 or less is good; 1-0-2-0 is still acceptable. at a lower level of MCV by Hemac than by Coulter S, and there is a narrower gradient between increasing degrees of macrocytosis. The discrepancies in blood counts by different systems highlight a major difficulty. Despite refinement in instrumentation which has resulted in remarkable improvement in precision over the past decade, the problem of interlaboratory comparability is no nearer solution. Apart from Hb, for which there is an absolute reference, at the present time it is not possible to define the accuracy of one type of instrument by comparison with another.
As far as the evaluation of the Hemac is concerned, on the basis of standardized conventional methods it appears to give accurate measurements of blood count parameters within its limits of precision. It has stood up to its manufacturer's claims for precisiorn and reliability. It is thus an acceptable instrument for use in a routine laboratory where a semi-automated system for blood counts is required provided that the fact that there are differences in results obtained by Hemac and by other methods is recognized. Moreover, its principle introduces an instrumentation development which may provide a valuable new technique in studies of blood cell sizing.
